A variant, derived from both mcasles and subacute sclerosing panencephalitis virus preparations, incapable of producing intercellular fusion or syncytia typical of mcasles virus infections is dcscribcd. This non-syncytiogenic (N-S) virus was easily detccted using immunofluorescence, was gcnctically stable and rcplicatcd autonomously. The variant was defective in the production of both infectious virus and hacmagglutinin in Vero and Hep2 cells. Persistent infections in Hep2 cells were readily established without the cooperation of defective interfering particles or temperature-sensitive mutants, although interferon could be detected. It is possible that such N-S variants may be involved with the regulation of persistent infections by mcasles virus.
The in vitro cytopathology of measles virus was described by Enders & Peebles (1954) as multinucleated giant cells or syncytia. A non-syncytiogenic (N-S) variant of measles virus incapable of inducing the intercellular fusion typical of measles virus was first reported by Rapp et al. (1959) and confirmed by Gould (1974) and Gould & Linton (1975) . Atherton et aL (1965) showed this to be a true variant and not due to secondary infection or interference with the plaque-producing virus.
None of these authors propagated the N-S variant as genetically pure populations. In this paper, the N-S variant was shown to be present in several preparations of measles virus, could replicate autonomously and established persistent infections in Hep2 cells without the extensive destruction produced by plaque-forming virus. The N-S variant was derived from either 'plaque-purified' N-S virus [present in the subacute sclerosing panencephalitis virus (SSPE-1) pool; kindly supplied by Dr L. Greenham, Bristol University, U.K.], or N-S virus released from a persistent infection by SSPE-1 virus which had been passaged three times at limit dilution in Vero cells. This x, irus was termed SSPE-l-foci. All studies with this and the other strains of SSPE and measles virus were performed in Vero or Hep2 cells cultured in Eagle's medium supplemented with 8% foetal calf serum and incubated at 35 °C. This temperature was found to be optimum for the growth of measles virus (K. B. Fraser & E. A. Gould, personal communication) .
The N-S virus was detected as either non-syncytiogenic focus-forming units (FFU) or immunofluorescent centres of infection. Focus formation was determined as follows. Vero cell monolayers were infected with the appropriate virus and overlaid with 1.1% Noble agar in Eagle's medium supplemented with 1% foetal calf serum and 0-125 mg/ml DEAE-dextran. After incubation at 35 °C for 5 days, the cells were stained with 0.4% neutral red and fixed with 10% formal saline. N-S foci of infection were detected using dark-ground illumination under which they appeared lighter than the surrounding uninfected cells (Fig. 1) . When viewed microscopically, these FFU were seen to be areas of increased intensity of neutral red staining. The detection of immunofluorescent centres of infection by N-S virus used a method based on that described by Rapp et al. (1959) and Atherton et al. (1965) . Vero cells grown on 1 cm diam. round glass coverslips were infected with 0.05 ml/coverslip of the required dilution of virus, and incubated at 35 °C for 5 days under 1% methyl cellulose (4000 centipoise; 4 Pa. s) in Eagle's 0022-1317/83/0000-5350 $02.00 © 1983 SGM medium supplemented with 1% foetal calf serum. The coverslips were then placed at 4 °C for 1 h, the medium removed by suction and the coverslips stained by the indirect immunofluorescence technique (Gould & Linton, 1974) .
Plaque-producing and N-S virus were found in both the SSPE-1 strain of measles virus and in persistent infections of Hep2 cells by this and other strains of measles virus. In contrast, only plaque-producing virus could be detected in two laboratory-adapted strains of measles virus and two distinct human isolates.
The N-S infections were not due to interference with plaque-producing virus. There was a linear relationship between the FFU (N-S virus) and the dilution of SSPE-1 virus used in a plaque titration on Vero cell monolayers ( Fig. 1 a to d) . The FFU were only detected at the higher dilutions where they could be visualized. Similar results were obtained with virus released from persistent infections of Hep2 cells by SSPE-1 virus or any of the strains of measles virus mentioned above.
The N-S variant was shown to be antigenically related to measles virus in two series of experiments. Firstly, in a virus neutralization test, hyperimmune rabbit antiserum prepared against the Edmonston strain of measles virus neutralized both the plaque-forming virus and the N-S variant of SSPE-1 virus, and virus released from the persistent infection of Hep2 cells by SSPE-1 virus. Secondly, when the N-S virus was titrated using both the focus formation assay and the indirect immunofluorescence technique on replicate coverslips, there was a very close relationship between the number of FFU and the number of non-syncytiogenic immunofluorescent centres of infection obtained. The appearance of these N-S infections when tested by immunofluorescence is demonstrated in Fig. 1 (f) . For comparison, Fig. 1 (e) shows the appearance of a typical syncytium which would give rise to a plaque when tested under agar. The N-S infections do not produce fusion, and the infected cells often contain very large quantities of antigen in the cytoplasm, nucleus and at or near the surface. In contrast, the syncytia usually contain more diffusely stained antigen, often distributed near the cell membrane. Virus antigens generally appeared less concentrated in syncytia than in N-S infections. The absence of fusion in the N-S infections was confirmed by phase-contrast microscopy.
The N-S variants present in the SSPE-1 virus population and in the persistent infections of Hep2 cells were propagated by the method of plaque purification. In some situations, three consecutive passages were required to obtain N-S virus free of contaminating minute or small plaques. This probably reflects interference between the N-S virus and the plaque variant. However, N-S virus could be propagated in the absence of plaque-producing virus. Thus, the N-S variants are autonomously replicating measles viruses which do not require a helper function from other variants.
The ability of the purified N-S variant (SSPE-1-foci) to establish persistent infections in Hep2 cells was studied, and the results are presented in Fig. 2 . Confluent monolayers of Hep2 cells were infected with SSPE-1 foci at 0.0t TCDs0/cell in Eagle's medium supplemented with 8 foetal calf serum and incubated at 35 °C. After 3 days, these cells were subcultured, and further passages were performed when required. Independent of the source of SSPE-l-foci, a stable persistent infection was readil b" established. Less than 50% of the cells were destroyed during the 'crisis', after which the culture recovered quickly (within 17 days). The other noticeable features of these infections were, firstly, that the virus initially spread slowly through the cultures. Secondly, there was no marked fusion between the cells despite the presence of large quantities of antigen; instead, during the crisis the monolayers appeared abnormal, with gaps between the cells and a transient loss of the typical epithelial appearance. (These variations in cellular morphology were noted using phase-contrast microscopy and the indirect immunofluorescent staining technique.) Finally, the N-S variant could establish persistent infections without the formation of typical measles-type syncytia. The apparent cytopathic effect sometimes observed in these cultures at around 9 to 10 days after infection was not typical measles virus fusion, but due to a rounding-up of some cells.
The above infections were also tested for the presence of plaque-producing virus, interference and interferon at various times after their establishment. Interference was determined using the method of Popescu et al. (1976) , in which SSPE-1-SP virus (the small plaque variant in the SSPE-1 virus pool isolated and plaque-purified by Dr S. L. Cosby, Queen's University of Belfast, U.K.) was the indicator virus and was used at a dilution that would destroy a cell monolayer within 3 to 4 days. Interferon was determined using the method of Jameson et al. (1977) . Interference was produced erratically and was not associated with stability of the persistent infection, whereas a low level of interferon could be related to a healthy culture. In addition, the virus produced by the persistent infection was non-syncytiogenic and was never temperaturesensitive.
The ability of the variant to interfere with a highly productive cytolytic strain of measles virus, SSPE-1-SP virus, was also studiedl The presence of the N-S variant did not prevent SSPE-1-SP virus from infecting the whole monolayer within 3 days and destroying more than 90% of the cells within 7 days. In addition, the SSPE-I-SP virus produced similar titres of virus and at a similar rate in the presence and absence of the N-S variant.
These results demonstrate that the (N-S) variants present in both SSPE virus stocks and the progeny released from persistent measles virus infections were capable of autonomous replication, and did not require the presence of plaque-producing virus as noted by Gould (1974) . They were antigenically similar to measles virus as determined by immunofluorescence and serum neutralization tests. Trudgett et al. (1981) have also demonstrated that the N-S virus was indistinguishable from several measles and SSPE virus strains using a monoclonal antibody specific for measles virus haemagglutinin.
The N-S virus was unique in its production of relatively large quantities of cellular antigen but no intercellular fusion. This accumulation of intracellular antigen was reflected in the reduced ability of the N-S variant to produce infectious virus. Hence, it would appear that the N-S virus may produce virion proteins but is defective in its maturation process. These defective properties could not be attributed to defective interfering (DI) particles since the N-S variant would not interfere with the SSPE-I-SP virus. (A preparat!on of DI particles derived from the Edmonston strain of measles virus did interfere with SSPE-1-SP virus under identical conditions.)
Unlike syncytiogenic strains of measles virus, the N-S variants could readily establish persistent infections in Hep2 cells without initially destroying most of the cell monolayer, or producing a cytopathic effect typical of measles virus. Furthermore, neither the synthesis of DI particles nor temperature-sensitive mutation was required. The production of a low level of interferon may be important, although its synthesis could be a product of the infection rather than a cause.
If the N-S variants are present in a virus preparation, they may be the means by which a persistent infection by that virus is regulated. However, the N-S variant cannot 'interfere' with the faster growing cytopathic SSPE-1-SP virus. In mixed populations, therefore, factors such as interferon may be required to retard cytopathic virus until the slower growing N-S variant had established its persistent infection. This might explain why the 'persistent virus' described by Minagawa (1971) lost its ability to persist in HeLa cells after passage in the non-interferon producing Vero cells, if that 'persistent virus' was a mixed population.
The relative importance of the N-S variant in the establishment of persistent infections by measles virus, especially with respect to the synthesis of DI particles and temperature-sensitive mutants, will be presented in a subsequent paper. Experiments in which superinfection by SSPE-1-SP virus of cells infected with the N-S variant is delayed will also be presented. The results help to explain how the N-S variant could regulate virus in mixed populations during the establishment of persistence.
